into the vertebrate head evolution carried out by a renovation of the PP segmentation, that is, the acquisition of the rostral bulge of PP2, which are essential for the hyoid developing an opercular. Embryonic movement is important for establishing shape in the developing skeleton. Previous work on the limb showed that shape is a result of interplay between molecular and mechanical cues, and when movement is reduced multiple aspects of morphology are altered (Nowlan et al 2010) and temporal and spatial changes in gene expression occur (Rolfe et al 2014). Much less is known about the effect of movement on jaw morphogenesis although work in chick, mouse and zebrafish indicates that movement is important for normal development (Hall and Herring 1990, Rot-Nikcevic et al 2007, Brunt et al 2015. The cellular and molecular basis of these changes in the jaw is unknown and no quantitative comparative shape analysis has been performed.
Embryonic movement is important for establishing shape in the developing skeleton. Previous work on the limb showed that shape is a result of interplay between molecular and mechanical cues, and when movement is reduced multiple aspects of morphology are altered (Nowlan et al 2010) and temporal and spatial changes in gene expression occur (Rolfe et al 2014) . Much less is known about the effect of movement on jaw morphogenesis although work in chick, mouse and zebrafish indicates that movement is important for normal development (Hall and Herring 1990 , Rot-Nikcevic et al 2007 , Brunt et al 2015 . The cellular and molecular basis of these changes in the jaw is unknown and no quantitative comparative shape analysis has been performed.
A rigid-paralysis chick model treated with DMB to induce immobilisation and a muscle-less Tbx1
-/-mouse model are being used to examine jaw development in altered mechanical environments. Immobilised chicks, muscle-less mice and their respective stage-matched controls are harvested at different embryonic stages. Whole tissue staining for bone and cartilage (Alcian-Alizarin) followed by 3D OPT scanning is then performed. Quantitative comparison of shape changes in the chick and the mouse is being carried out using geometric morphometrics to assess which aspects of morphology are the most affected by lack of movement. Diversity in form and function of vertebrate jaw morphology reflects differences in evolutionary history and developmental processes. Future work will focus on molecular and cellular mechanisms altered during jaw development under differing mechanical regimes, uncovering potential mechanosensitive molecular signalling pathways that interpret the mechanical environment. Differences among mouse strains in bone formation response to mechanical stimulation (Kodama et al 2014) suggests that variable and heritable mechanosensitive genes contribute to phenotypic variation, and understanding the importance of movement for appropriate embryogenesis has important implications for therapeutics as well as morphological evolution. Vertebrate genomes contain a large number of conserved noncoding elements (CNEs), many of which function as tissuespecific enhancers during early development. Several studies have shown that loss of enhancers can result in phenotypic variation between closely related species. For example, loss of the sensory vibrissae and penile spine enhancer of the androgen receptor gene was shown to be associated with the loss of these anatomical parts in humans (McLean et al. 2011, Nature, 471: 216-219) . Seahorses are highly derived teleosts that exhibit specialized morphology and reproductive behaviour. We sequenced the genome of the tiger tail seahorse (Hippocampus comes) and carried out comparative analyses with other teleost genomes. To determine whether seahorses have lost a higher number of enhancers compared to other teleosts, we predicted CNEs in seahorse and other teleosts and estimated the extent of CNE loss specifically in the seahorse lineage. Prediction of CNEs in the Hox clusters revealed that the seahorse had lost the highest number of CNEs amongst the teleosts compared. To see if this was a genome-wide phenomenon, we identified CNEs genomewide using zebrafish as the reference genome and identified CNEs lost uniquely in seahorse and other representative teleosts. Indeed the seahorse lineage had lost the highest number of CNEs at the whole-genome level. We tested some of the zebrafish CNEs lost in seahorse in a transgenic zebrafish assay system. Four of the seven tested CNEs drove reproducible expression pattern of the reporter gene in transgenic zebrafish indicating that they are potential enhancers. Several genes located in the vicinity of CNEs lost in seahorse are important developmental genes and transcription factors. Loss of enhancers could affect the expression pattern of these genes and have the potential to generate novel morphological phenotypes.
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In most vertebrates, teeth are continuously replaced, a condition known as polyphyodonty. Since mammalian research models, including the mouse, do not replace teeth, new model systems are required to understand the diversity and mechanisms of whole tooth regeneration. We have studied an agamid lizard, the bearded dragon, which shows a unique heterodont dentition -possessing both posterior non-regenerating and anterior regenerating teeth. Previous studies in amniotes have shown that replacement teeth develop from a successional dental lamina (SDL) structure, a lingual extension of the dental lamina (DL). With 3D-reconstructions, histology, and gene expression studies, we first show that bearded dragons possess a continuous and permanent SDL, which proliferates actively throughout the tooth row, but only initiates replacement in anterior regions. Expression analysis of conserved odontogenic genes during tooth development indicates that pathways required for primary tooth initiation become activated in the SDL, suggesting their re-employment for tooth replacement. Surprisingly, both regenerating and non-regenerating teeth share this activation. However, using BrdU pulse-chase assays, we show that only regenerating teeth retain BrdU+ cells for a prolonged time, implying that stem cells are required for tooth replacement, but not SDL maintenance. Putative stem cells in bearded dragons map to the DL, as proposed by previous studies, but also to the DL/oral epithelium junction, suggesting the existence of two separate presumptive niches, a situation so far unique among vertebrates. In vivo cell tracking experiments further support the presence of a second putative niche, and supply the first evidence for cell migration in the reptilian DL. Together, these data provide new insights into the mechanisms of tooth regeneration in reptiles and reveal a new tooth regeneration process in vertebrates. Future directions include the use of this model to help identify new targets and/or new stem cell based therapeutic approaches for regenerative medicine in humans. 
University of Kentucky, United States
The lamprey genome provides unique insights into both the deep evolutionary history of vertebrate genomes and the maintenance of genome structure/integrity over development. The lamprey lineage diverged from all other vertebrates approximately 500 million years ago. As such, comparisons between lamprey and other vertebrates permit reconstruction of ancient duplication and rearrangement events that defined the fundamental architecture and gene content of all extant vertebrate genomes. Lamprey also undergoes programmatic changes genome structure that result in the physical elimination of~20% of its genomic DNA (~0.5Gb from a~2 Gb genome) from all somatic cell lineages during early embryonic development. Here, we outline recent progress in assembly and analysis of the lamprey germline genome, and progress in the development of methods for characterizing the cellular events that mediate DNA elimination. We have integrated information from several sampling approaches and sequencing technologies to achieve a highly contiguous assembly of lamprey genome (including: Illumina fragments/mate pairs, 20X coverage in Pacific Biosciences reads, dense meiotic maps and optical mapping data). This genome assembly has dramatically improved our ability to dissect the molecular basis and genetic outcomes of programmed genome rearrangements (PGRs), and has improved our understanding of the tempo and mode of large-scale duplications and translocations within the ancestral vertebrate lineage. Analysis of the germline genome identifies several genes that are expressed in germline but physically eliminated from all somatic tissues. These eliminated genes correspond to several known oncogenes and appear to identify several other novel oncogene candidates. Complementing this assembly, the development of approaches to in situ analysis of 3D preserved cells has revealed that PGR unfolds through a series of dramatic cellular events that involve the programmatic alteration of several fundamental mechanisms of genome maintenance, including: alignment of chromosomes at metaphase, chromatid cohesion, separation and segregation, and nuclear envelope formation. The homology of germ layers, and their evolutionary origin are debated since their discovery. Cnidarians (e.g. sea anemones, jellyfish) develop from two germ layers, the outer ectoderm and the inner endoderm, while bilaterian animals (e.g. flies, worms or vertebrates) possess in addition the intermediate mesoderm. It is currently assumed that the cnidarian endoderm (or 'endomesoderm') shares a common evolutionary origin with both the bilaterian endoderm and mesoderm.
We have tested this hypothesis by studying the fate of germ layers, the localisation of exocrine, nutrient-storing, and insulinergic cell types, and the expression of a large number of 'endodermal' and 'mesodermal' transcription factors in the sea anemone Nematostella vectensis (Anthozoa). We have generated one of the first fate maps of cnidarian germ layers by following transgenically labelled, fluorescent cell patches transplanted onto non-fluorescent, wild-type embryos through development and growth. We have thereby revealed an ectodermal origin of the inner pharynx and the septal filaments, both integral parts of the inner epithelium. Strikingly, we find that this ectodermal tissue displays a developmental transcription factor expression profile (foxA, hhex, islet, soxB1, hlxB9, nkx2.2, tbx2/3, nkx6) and a cell type complement (digestive exocrine, and insulinergic) reminiscent of the developing bilaterian midgut, and especially the vertebrate pancreas. Endodermal derivatives of N. vectensis, instead, display cell functions and transcription factor profiles, which are similar to bilaterian mesoderm-derived tissues, in particular to the somatic gonad and cardiogenic tissue.
Most surprisingly, we thus found no support for a common ancestry of the cnidarian and bilaterian endoderm. Instead, we propose a new model of germ layer evolution, which supports a common origin of bilaterian endoderm and cnidarian pharyngeal ectoderm. The cerebellum is composed of only a few cell types whose stratification within the organ has remained fairly conserved throughout evolution. The classic image of a cerebellum is that of a highly folded structure, though in truth, the complexity of foliation various quite dramatically between species. Reptiles, for example, exhibit a wide range of cerebellar shapes ranging from the simple, relatively flat structures of snakes and turtles, to the larger, multiply folded cerebella of alligators and birds. The contoured appearance of brain tissue is due to the division of different nerve cell progenitors that combine to generate folds and bends. How these differences are generated are likely to be due to the genes that control patterns of cell division.
By comparing the development of different reptile and bird cerebella, we have found that different degrees of foliation correspond to observable differences in proliferation in the transient external granule cell layer. These patterns also correlate with the maturation of Purkinje cells underlying the external granule layer, which serve as a source of signalling factors that influence the behaviour of granule cell precursors.
We have also examined the expression of Atonal1, NeuroD1 and SHH through immunohistochemistry and in situ hybridisation. Our results suggest that precocious expression of NeuroD1 in granule cell precursors is a key factor in attenuating cell division in unfoliated cerebella, and I have knocked down NeuroD1 in turtles by electroporation of shRNA constructs into cultured cerebellar explants to further investigate the function of this gene.
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